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aBSTRaCT
The present investigation was carried out to evaluate the ameliorative effect of Andrographis paniculata 
during E. coli-induced pathology in broilers. Day-old broiler chicks (n = 100) were randomly divided into 
four equal groups. Group I served as a negative control and was fed with a commercial diet. On day 8, the 
birds from groups II and IV were challenged with a single oral dose of E. coli broth culture 0.2 mL (1×109 cfu/
mL). Groups III and IV were fed with Andrographis paniculata 5 g/kg of feed from day old to the end of the 
experiment. The total duration of the experiment was 35 days. On the 7th, 21st and 28th day post infection (DPI) 
with E. coli, six birds from each group were randomly sacrificed and observed for gross and histopathogical 
observations. Group II birds showed ascites and thickened intestinal mucosa with cheesy material on the 28th 
and 35th DPI. Pathomorphological alterations, viz. congestion, hemorrhages, degenerations, necrosis, fibrinous 
exudates, edema, mononuclear cell and heterophil infiltration in the lung, liver, heart, kidneys and duodenum 
were observed in group II birds, along with depletion of the lymphoid cell population in the spleen. Pretreatment 
of Andrographis paniculata in the E. coli challenged group led to mild degenerative changes in all organs, 
indicating the putative protective effect of the plant during E. coli induced pathology in broilers. However, 
further, more elaborated study is required to calculate the dosage of Andrographis paniculata for use as an 
antibacterial agent in broiler feed. 
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Introduction 
Avian colibacillosis caused by enterotoxigenic Escherichia coli is a serious infectious 
bacterial diseases in different types of chicken, leading to high morbidity, mortality, loss 
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of body weight, bad feed conversion ratio and a decrease in egg and meat production. 
E. coli are facultative anaerobic gram-negative rods and are normal inhabitants of a 
chicken’s intestinal microflora. However, they may infect chickens, either as primary or 
a secondary pathogen, mainly associated with immunosuppression. Avian colibacillosis 
primarily affects broiler chickens between the ages of 4 and 6 weeks, and causes 
significant mortality in broilers. The mortality may reach up to 94 per cent in a severe 
outbreak of colibacillosis (McPEAKE et al., 2005 and BISWAS et al., 2006). Economic 
losses in broiler chickens due to colibacillosis amount to multimillion-dollar annual 
losses to the world’s poultry industry (TAWAB et al., 2015). Control of E. coli in the 
poultry industry mainly depends on the use of certain antimicrobials, but excessive use of 
these antibiotics leads to anti-microbial resistance in food animals, as well as in human 
beings (MAHEJABIN et al., 2015). Hence, the problem of antibiotic resistance needs an 
urgent response. According to the Indian Health Ministry, the use of antibiotics in meat 
and egg producing chickens must be reduced, which ultimately restricts indiscriminate 
use of antibiotics in future. 
Traditional herbal medicines have proved their advantages with their prophylactic 
and therapeutic effects, and in controlling the drug resistance and residue in livestock 
and poultry infectious diseases. Andrographis paniculata is reported to possess anti-
hepatotoxic, antibiotic, anti-malarial, anti-hepatic, anti-thrombogenic, anti-inflammatory, 
anti-snake venom and antipyretic properties, besides its immunostimulant property 
(BURGOS et al., 2009). The components of Andrographis paniculata have shown 
therapeutic value because of its mechanism of action to expel the toxins from the body 
through enzyme induction. It is also used to treat gastrointestinal and upper respiratory 
tract infections, fever and a variety of other chronic and infectious diseases (CHOPRA 
et al., 1956). The plant also has the ability to modulate the cell surface hydrophobicity 
of enterohaemorrhagic E. coli, and shows high bacteriostatic and bactericidal activities 
(VORAVUTHIKUNCHAI and LIMSUVAN, 2006). Considering these facts, the 
present investigation was carried out to evaluate the ameliorative effect of Andrographis 
paniculata during E. coli induced pathology in broilers. 
Materials and methods
Birds and diet. The present investigation was carried out in broiler chickens after 
receiving the necessary approval from the Institutional Animal Ethics Committee. 
Clinically healthy, day-old commercial broiler chicks (n = 100) of both sexes were 
procured from a commercial hatchery, and reared in a deep litter system. The chicks 
were fed with a standard commercial pre starter for 7 days, starter for 8-14 days and 
grower diet up to 35 days. All the experimental birds were maintained under identical 
management and hygienic conditions, and were kept under close observation during the 
entire period of the study.
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Bacterial strain and Andrographis paniculata leaf powder. The E. coli strain (MTCC 
No.723, bacteria H-10407 pathogenic, genetic stock, 078:K80:H11, CFA/I+ LT+ST+) 
was obtained from the Microbial Type Culture Collection and Gene Bank (MTCC), 
Chandigarh, India. The E. coli was grown on nutrient broth and the dose of E. coli 1×109 
cfu/mL concentration in broth culture was calculated by the standard method as described 
by HEDGE et al. (2009) and used for experimental induction of E. coli infection in 
broiler chickens. The dry leaf powder of Andrographis paniculata was procured from 
Nagarjun Medicinal Plants Garden, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola 
(Maharashtra) India.
Experimental design. After receiving the day-old broiler chicks (n = 100), they were 
individually weighed and randomly divided into four equal groups. Each group comprised 
25 birds. Group I served as the negative control group and was offered commercial feed. 
Group II served as the positive control group for E. coli infection. On day 8, each bird 
from group II was challenged with a single oral dose of E. coli broth culture 0.2 mL (1× 
109 cfu/mL) to study the pathology of E. coli infection in broilers. Group III birds were 
fed with Andrographis paniculata 5 g/kg of feed from one day old to the end of the 
experiment. Group IV birds were fed with Andrographis paniculata 5 g/kg of feed from 
one day old, and on day 8 each bird from the group was challenged with a single oral 
dose of E. coli broth culture 0.2 mL (1×109 cfu/mL) to evaluate the ameliorative effect of 
Andrographis paniculata during E. coli induced pathology in broilers.
On the 7th, 21st and 28th days post infection (DPI), six birds from each group were 
randomly selected and sacrificed. A detailed necropsy examination was performed on 
each bird and gross pathological observations were recorded. For histopathological 
examination, tissues of the lungs, liver, heart, kidneys, spleen and duodenum were 
collected in 10% formal saline solution for histopathology. After fixation, tissues were 
processed for routine histopathological technique by the paraffin embedding method. 
Sections of 4-6 microns were cut on a rotary microtome (Make- Leika, Germany), stained 
with Haematoxylene and Eosin (H&E) stain (LUNA, 1968) and were examined under 
a light microscope (Make- Magnus MLXi Plus Trinacular Microscope, Olympus Opto 
Systems India (P)Ltd.).
Results
Clinical observations. Only birds in group II treated with E. coli showed symptoms 
of lethargy, anorexia, sneezing, diarrhoea and crowding towards the corners of the shed 
after six days post infection. The signs were increasingly pronounced with the passing of 
days after the E. coli infection. However, groups I, III and IV did not show any clinical 
signs or behavioural changes of pathological significance. No mortality was recorded in 
any of the groups.
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Gross pathological observations. On necropsy examination, groups I and III did not 
reveal any gross pathological alterations, however, most of the birds in group II showed 
distended abdomens with ascites, characterized by the presence of an excessive amount of 
straw-coloured fluid in the abdominal cavity giving a pot-bellied appearance. Some of the 
birds showed hydropericardium on the 21st and 28th DPI. The intestines of group II birds, 
especially the duodenum, showed thickened mucosa, congestion and haemorrhages, with 
accumulation of yellowish cheesy material on the 7th, 21st and 28th DPI when compared 
with the control group. The lungs of group II birds revealed congestion on the 21st and 28th 
DPI. Similar but milder lesions were also observed in group IV on the 21st and 28th DPI. 
No appreciable gross lesions were observed on the 7th DPI in any of the groups. 
Histopathological observations
Lungs. On microscopic examination, the lungs from group II birds revealed blood 
vessel congestion and haemorrhages with mild oedema on the 7th DPI, while on the 21st 
and 28th DPI sections revealed congestion, oedema, haemorrhages filling the bronchiolar 
lamina, peribronchial lymphoid aggregation and a thickened bronchial wall. Some of the 
sections revealed heterophil infiltration with desquamation of the bronchiolar epithelium 
and serous to fibrinous exudates along with cellular debris on the serosal surface. 
However, the lesions observed in group II on the 28th DPI were comparatively more 
severe when compared with the lesions on the 21st and 7th DPI (Fig. 1). Sections of lungs 
from group IV showed mild emphysema, mild to moderate congestion, peribronchial 
round cell infiltration and focal oedema with comparatively normal parenchyma on the 
21st and 28th DPI. Groups I and III showed normal lung parenchyma on the 7th, 21st and 
28th DPI (Fig. 2).
 
Fig. 1. Lung from T2 group showing serous to 
fibrinous exudates on serosal surface on 28th 
DPI (H&E, ×40)
Fig. 2. Lung of T4 group showing bronchial 
haemorrhages and comparatively normal 
parenchyma on 21st DPI (H&E, ×100)
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Liver. Livers from group II revealed early degenerative changes on the 7th DPI, while on 
the 21st and 28th DPI it showed congestion, haemorrhages, different stages of degenerative 
changes, viz. mild, or moderate to extensive vacuolar and granular changes in hepatocytes, 
fibrinous exudates in the sinusoidal spaces, focal necrosis, and prominent lymphoid 
aggregations in the parenchyma, as well as around the perivascular area. A few sections on 
the 28th day showed prominent fatty changes and coagulative necrosis. The vacuolar and 
granular changes, along with mononuclear cell infiltration, were more prominent towards 
the pericapsular area, making the capsule thicker (Figs. 3 and 4). Group IV birds showed 
mild venous congestion, mild vacuolar and granular changes, mild lymphoid aggregation 
and focal areas of necrosis on the 21st and 28th DPI. The lesions observed were of less severity 
compared to group II (Fig. 5). Group I and III birds did not reveal any pathological lesions.
 
Fig. 5. Liver of T4 group showing mild to moderate vacuolar and granular changes, focal necrosis 
and lymphoid aggregation on 28th DPI (H&E, ×100)
Fig. 3. Liver of T2 group bird showing 
prominent lymphoid cell aggregations in 
parenchyma on 28th DPI (H&E, ×100) 
Fig. 4. Liver of T2 group bird showing extensive 
granular and vacuolar changes towards 
pericapsular area on 28th DPI (H&E, ×100)
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Heart. On 7th DPI the hearts of group II birds showed mild vacuolar degeneration 
and haemorrhages in the myocardium, with mild separation of the cardiac muscle fibres. 
On the 21st and 28th DPI there was loss of cross striations and vacuolar degeneration 
in the epicardium and myocardium. Epicarditis was the most common serosal lesion in 
varying degrees, from destruction of the mesothelial cells to marked fibrinous exudates 
accumulated in the submesothelial tissue (Fig. 6). However, sections of hearts from group 
IV birds revealed mild haemorrhages on the 7th DPI, while on the 21st and 28th DPI they 
showed mononuclear cell infiltration and mild vacuolar degenerative changes in the 
subepicardial areas, with comparatively normal architecture when compared with group 
II (Fig. 7). No lesions of pathological significance were observed in groups I and III.
Fig. 7. Heart of T4 group bird showing mild 
vacuolar changes and comparatively normal 
histology on 28th DPI (H&E, ×100) 
Fig. 6. Heart of T2 group bird showing 
marked fibrinous exudate accumulated in the 
submesothelial tissue on 28th DPI (H&E, ×100) 
Kidney. Microscopically, the sections of kidneys from groups I and III showed normal 
renal parenchyma, with mild granular and vacuolar changes in the tubular epithelium in 
one section only. Kidneys from group II birds showed mild blood vessel congestion and 
haemorrhages on the 7th DPI, while on the 21st and 28th DPI they revealed congestion, 
haemorrhages with mononuclear cell and heterophils infiltration, the presence of a 
eosinophilic proteinaceous mass in the collecting tubules, desquamation of the tubular 
epithelium, and necrosis of tubules in some of them. Some of the sections showed 
glomerular degeneration with decreased cellularity (Fig. 8). The sections of kidneys 
from group IV revealed mild to moderate vacuolar and granular changes in the tubular 
epithelium on the 21st and 28th DPI. Some of the sections showed prominent glomerular 
degeneration (Fig. 9). 
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Spleen. Spleens from group II birds showed comparatively normal splenic 
parenchyma, with mild depletion in lymphoid population on the 7th DPI of the experiment. 
However, on the 21st day of infection, there was moderate to extensive depletion in the 
lymphocyte population. On the 28th DPI, sections revealed extensive depletion of the 
lymphocyte population, hyaline degeneration with necrosis of the lymphoid follicles in 
the germinal centre (Fig. 10). Also, sections of group IV birds showed mild to moderate 
depletion of the lymphoid population with comparatively normal splenic parenchyma 
on 21st and 28th day post infection. Spleens from group III birds showed normal spleen 
parenchyma as in the control group.
Fig. 10. Spleen of T2 group bird showing hyaline degenerative changes in follicle and focal 
necrosis on 28th DPI (H&E, ×100) 
Fig. 8. Kidney of T2 group bird showing 
vacuolar degenerative changes in tubular and 
glomerular epithelium on 28th DPI (H&E, ×100)
 Fig. 9. Kidney of T4 group bird showing 
glomeular degeneration with increase urinary 
spaces on 28th DPI (H&E, ×100)
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Duodenum. Duodenums from group II birds showed normal length villi with mild 
degenerative changes on the 7th DPI, while on the 21st DPI, most of the duodenum showed 
slender narrow vill, desquamation and necrosis of the epithelium at the tip of the villi. 
On the 28th DPI, sections revealed more prominent desquamation of the epithelium, 
thinning of the lamina propria, thickening of the muscularis mucosa and infiltration of 
mononuclear cells and heterophils in the submucosa. Some of them showed sloughing of 
the mucosa in the lumen (Fig. 11). However, group IV birds revealed similar changes to 
those of group II, but they were of less severity, including desquamation of the epithelium 
at the tip of the villi and infiltration of heterphils with comparatively normal finger-like 
structures on the 21st and 28th DPI sections (Fig. 12).
           
Discussion
The present findings of diarrhoea and ascitis in E. coli infection were also reported 
by ZAKI et al. (2012). AKBAR et al. (2009) confirmed the present findings of lethargy, 
anorexia, diarrhoea and crowding towards the corners of the shed. Similar clinical 
symptoms were observed in E. coli infected birds by earlier authors (ALLAM et al., 2014; 
HE et al., 2014; HAQ et al., 2015). HEGAZy et al. (2015) suggested that E. coli causes 
digestive and respiratory tract infections which lead to diarrhoea, rales, sneezing and 
depression after 6 days post-infection. Various studies have reported the therapeutic value 
of Andrographis paniculata in acute bacillary dysentery and gastroenteritis, showing its 
protective effects (TIPAKORN, 2002) which might be the reason for the reduced severity 
of the clinical signs in group IV. HE et al. (2014) investigated the therapeutic effects 
of a Chinese medicine, containing Andrographis paniculata as one of its contents, on 
Avian Pathogenic Escherichia coli (APEC)-infected chickens, and observed the infected 
Fig. 11. Duodenum of T2 group birds showing 
prominent desquamation of epithelium, and 
infiltration of leucocytes on 28th DPI (H&E, ×40) 
Fig. 12. Duodenum of T4 group birds 
showing comparatively normal finger like 
structure of villi on 28th DPI (H&E, ×40)
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chicken’s improved health status and a decrease in the incidence of pericarditis and peri-
hepatitis. 
The gross pathological lesions observed in group II were more or less in agreement 
with earlier authors (DADHEECH and VyAS, 2013; GHANy and ISMAIL, 2014) in E. 
coli-infected birds, and were more pronounced on the 28th DPI compared to the 21st DPI. 
In addition to the present findings, the literature revealed perihepatitis, pericarditis, cloudy 
air sacs, fibrinous airsacculitis, fibrinous bronchopneumonia along with congestion in E. 
coli infected broilers (HAQ et al., 2015; HEGAZy et al., 2015; AZEEM et al., 2016) 
which might be due to changes in the route of infection or the dose of E. coli infection. 
Variations in the strain of E. coli might be another reason. KUMAR et al. (2004) observed 
the formation of a thin fibrin layer over the heart and liver on the 1st DPI, which became 
much thicker on the 7th DPI using the peritoneal route to induce infection.
Changes such as congestion, haemorrhages, degeneration, necrosis and heterophilic 
infiltration might be due to the response and reaction in the form of detoxification and 
excretion of enterotoxins released by E. coli infection. TONU et al. (2011) recorded 
infiltration of heterophils, macrophages and lymphocytes in the wall of the bronchus, as 
well as in the peribronchial alveoli, and this is in agreement with the present findings. 
AZEEM et al. (2016) observed mononuclear cell infiltration, a fibrinous layer and 
atrophy of adjoining hepatic cords, due to the greatly distended and congested sinusoids 
and thickening of the capsule due to invasion of mononuclear cells in the liver. Lesions 
observed in the hearts were more or less similar to the lesions observed by TRUSCOTT et 
al. (1974), NAKAMURMA et al. (1985) and AKBAR (2011) in E. coli infections. Lesions 
observed in the spleen were in agreement with TRUSCOTT et al. (1974), including 
the small area of coagulative necrosis around the germinal follicle and necrosis of the 
outer lymphoid areas. Pathomorphological alterations, viz. congestion, haemorrhages, 
degenerations, fibrinous exudates, oedema, focal areas of necrosis, mononuclear cell and 
heterophil infiltration in the lungs, liver, heart, kidneys, spleen and duodenum observed 
in the present study are consistent with the findings observed by previous researchers 
(TRUSCOTT et al.,1974; KUMAR et al., 2004; DUTTA et al., 2013; KUMAR et al., 
2013).
The prominent findings of congestion, haemorrhages, fibrinous exudate, lymphoid 
aggregation and infiltration of heterophils in the lungs, liver, heart, kidney and duodenum 
observed during the present investigation may be correlated with ROMERO et al. (2015), 
who reported that E. coli inflammation causes a displacement of leukocytes and plasma 
molecules to the site of infection, and may be observed as a main feature of E. coli 
inflammation.
Andrographolide reduces the pathogenicity of APEC-078 in chicken type II 
pneumocytes by interfering with the bacterial QS and decreasing virulence (ZHANG 
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et al., 2014), which might be the reason for the comparatively normal histopathological 
observations recorded in group IV on the 21st and 28th DPI compared to group II 
birds. Pretreatment with Andrographis paniculata prevented a significant increase in 
triglycerides, cholesterol, LDL, and protein oxidation, increased antioxidant enzyme and 
caused a putative protective effect by managing the oxidative damage at cellular level 
(NEOGy et al., 2008; SIVAKUMAR and RAJESHKUMAR (2015)). This might be the 
reason for the comparatively normal histoarchitecture of the lungs, liver, heart, kidneys, 
spleen and intestines in group IV birds. OJHA et al. (2012) concluded that the two main 
deterpenoids isolated from Andrographis paniculata were 14-deoxyandrographolide and 
14-deoxy-11, 12-didehydrographolide, and could be the reason for the cardio protective 
effect due to their antioxidant, free radical scavenging and anti-lipid per oxidation 
properties.
The results therefore indicated the ameliorative effect of Andrographis paniculata 
during E. coli induced pathology in broilers. However further elaborated study is required 
to calculate the actual dose of dried leaf powder of Andrographis paniculata for use as 
an antibacterial agent in broiler feed, which will ultimately restrict indiscriminate use of 
antibiotics for the prevention and treatment of E. coli infection of broilers birds in future.
_______
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SAžeTAk
Istraživanje je provedeno kako bi se procijenio ublažavajući učinak biljke Kineski andrografis 
(Andrographis paniculata) na patološke procese u brojlera uzrokovane bakterijom E. coli. Jednodnevni pilići 
(n = 100) slučajnim su odabirom podijeljeni u četiri jednake skupine. Prva je skupina poslužila kao negativna 
kontrola i hranjena je komercijalnom hranom. Osmi dan pilićima iz druge i četvrte skupine peroralno je dana 
jednokratna doza E. coli bujona u količini od 0,2 mL (1×109 cfu/mL). Treća i četvrta skupina hranjene su biljkom 
Andrographis paniculata u količini od 5 g/kg hrane od početka do kraja pokusa. Istraživanje je trajalo 35 dana. 
Sedmi, 21. i 28. dan nakon zaražavanja bakterijom E. coli po šest pilića iz svake skupine nasumce je usmrćeno te 
su promatrane makroskopske i patohistološke promjene. U drugoj je skupini uočen ascites i zadebljanje crijevne 
sluznice sa sirastim naslagama 28. i 35. dan poslije zaražavanja. U toj su skupini promatrane patomorfološke 
promjene poput kongestije, krvarenja, degeneracije, nekroze, fibrinskog eksudata, edema, infiltracije pluća, 
jetre, srca, bubrega i dvanaesnika mononuklearnim i heterofilnim stanicama, uz depleciju limfoidnih stanica u 
slezeni. Dodavanje biljke Andrographis paniculata skupini zaraženoj bakterijom E. coli utjecalo je na pojavu 
blažih degenerativnih promjena u svim organima, što upućuje na zaštitni učinak biljke tijekom izlaganja brojlera 
bakteriji E. coli. Potrebna su daljnja istraživanja kako bi se izračunala doza biljke Andrographis paniculata kao 
antibakterijskog dodatka/lijeka u prehrani brojlera.
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